In the present work a fast, simple and reliable method for the simultaneous isolating and determining of the vitamins [thiamin (B 1 ), riboflavin (B 2 ), nicotinamide (PP), pyridoxine (B 6 ), folic acid (B 9 ) and ascorbic acid (C)] in food supplements has been developed. The chromatographic separation is carried out on a reversed phase ACE 5 C 18 with eluting at a flow rate of 1 ml/ min using a linear gradient with phosphate buffermethanol, starting with 0.05 M phosphate buffer pH 2.5 for 3 min, changing to 45% methanol in 13 min, changing to 80% methanol in 3 min with equilibrating for ten min. The separation was achieved within 25 min and the detection was performed at 270 nm. The calibration graphs plotted with six concentrations of each vitamin were linear with a regression coefficient R 2 >0.996. The statistical evaluation of the method was examined performing intra-day (n=6) and inter day calibration which found to be satisfactory, with high accuracy and precision results. The average coefficients of variation of intra and inter-day assays were 1.2, 2.7 for thiamine hydrochloride, 2.4, 3.4 for riboflavin, 1.5, 3.3 for pyridoxine hydrochloride, 0.9, 2.3 for nicotinamide, 2.5, 2.9 for folic acid, and 2.1, 3.1 for ascorbic acid. The average of recoveries of thiamine hydrochloride, riboflavin, pyridoxine hydrochloride, nicotinamide, folic acid and ascorbic acid were % 100±1.4, %100±1.5, %104±1.1, %102±3.2, %100±0.8 and %99±2.1 respectively. The simplicity of the method should make it highly valuable for quality control of premixes and food supplements in pharmaceutical and food industries.
Vitamins are a large group of necessary compounds for the developing and normal growth of living organisms. Lake of a sufficient amount of any of them can cause serious diseases. These compounds differ in their chemical composition, physiological action and nutritional importance which could be classified in two groups, watersoluble and fat-soluble vitamins. Among water soluble vitamins, the B group including B 1 , B 2 , B 3 , B 6 , B 9 and B 12 are the most important. They play different specific and vital functions in metabolism, and their lack or excess amount produces specific diseases. Due to their function, vitamins are involved in development and fast reproducing processes like blood formation, maintenance of epithelial tissue, bone ossification, eye functions, as well as in the metabolic pathway of the central nervous system. The human diet does not always contain the amount of vitamins needed for normal development and maintenance of body functions. More over, food processing and long periods of food storage may also lead to loose of vitamins. Therefore a supplementation of these substances, through food or multivitamins products is necessary.
These facts lead to a need for very powerful analytical separation techniques for the quality control of these complex preparations in analytical laboratories, manufactures and regulatory authorities to confirm the percentage of the recommended dietary allowance. Traditional methods of vitamins assay have been required that each vitamin be determined individually using widely differing spectrophotometric [1] [2] [3] , fluorimetric 4 , enzymatic and microbiological [5] [6] procedures that are tedious and time consuming with involving pre-treatment of the sample through complex chemical, physical or biological reactions to eliminate interferences. During the last decade there has been an increasing interest for the simultaneous determination of vitamins. The most popular chromatographic techniques belong capillary electrophoresis [7] [8] [9] [10] , micellar electrokinetic chromatography and particularly high performance liquid chromatography [11] [12] [13] [14] [15] [16] [17] [18] [19] . Determination can be carried out by normal phase, ion-pairing chromatography, and reverse phase chromatography being the most common method (RP-LC). Most of these methods have used ion pair reagents and complex sample preparation. RP-LC vs. normal phase offers certain practical advantages, such as better column stability, reproducibility of retention times and faster equilibration. RP-LC with ion pair reagents has been applied but the complex mobile phases associated to these methods make the column equilibration longer until 50 min 20 . Several detection methods can be applied however; UV detection is the most common. Sample preparation and pre-run sample stabilization are the most important steps to ensure that subsequent HPLC analysis is effective. Sample preparation has to be carefully optimized especially for vitamins subject to degradation due to light, oxidation, pH, heat and others. Considering sample matrix and evaluated vitamin, appropriate type of extraction should be chosen. In the present study, the LCseparation of six water soluble vitamins on an ACE C 18 has been achieved within 18 min. The detection has been optimized using a diode array detector at one wavelength 270 nm. This method can separate each vitamin from neighborhood with good resolution without using ion pair reagent. In addition, the proposed method has been validated for the simultaneous quantification of vitamins: B 1 , C, PP, B 6 , B 2 and B 9 in premixes and food supplements and pharmaceutical dosage forms.
EXPERIMENTAL

Reagents
All the solvents were prepared from Merck (Germany). Thiamine hydrochloride (B 1 ), ascorbic acid (C), riboflavin (B 2 ), pyridoxine hydrochloride (B 6 ), nicotinamide (PP) and folic acid were obtained from Dr. Ehrenstorfer (Augsburg, Germany). Potassium dihydrogen phosphate, phosphoric acid and potassium hydroxide were obtained from Merck Co. (Darmstadt, Germany). Water was purified using a Milli-Q system from Millipore (Le mont-sur-Lausanne, Switzerland). Poly vitaminated pre-mixes (I, II and III) were obtained from Nestle (Switzerland) used for fortifying of infant formula and food. Other products analyzed (multi vitamin capsules and tablets such Centrum 
Instrumentation
HPLC experiment was performed using a Waters Alliance system equipped with a vacuum degasser, quaternary solvent mixing, auto-sampler and a waters 2996 diode array detector. UV spectra were collected across the range of 200-900 nm, extracting 270 nm for chromatograms. Empower software was utilized for instrumental control, data collection and data processing. The column used was an ACE C 18 (4.6 × 250 mm, 5 μm). The mobile phase was a linear gradient with phosphate buffermethanol, starting with 0.05 M phosphate buffer pH 2.5 for 3 min, changing to 45% methanol in 13 min, changing to 80% methanol in 3 min with equilibration for ten min. with a flow rate of 1 ml/ min.
Standard preparation
Stock solutions of all vitamins (0.1 mg/ ml) were prepared separately in aqueous %2.4 acetic acid solution except folic acid which was prepared in 5% sodium hydrogen phosphate solution. Standard multi vitamin solutions were made by using different amount of stock solutions (3.125-100 μg/ml for B 1 and B 6 , 0.325-20 μg/ml for B 2 and B 9 ,12.5-300 μg/ml for PP and 400-1200 μg/ml for vitamin C). Stock and working standard solutions were prepared daily.
Premixes and food supplements composition
The premixes selected for the present study are used for fortifying of infant formula and cereal based baby food. Table 1 summarizes the range of water soluble vitamin concentration in the premixes and supplements.
Sample preparation
In all cases, samples were taken thoroughly homogenized material. 0.5 gram of premix III was transferred to a 100 mL flask. About 80 mL of 50 mM phosphate buffer pH 5.5 was added to the flask and sonicated at 40 °C for 30 min in an ultrasonic bath. For the premixes I and II the same amount transferred to a 10 mL flask. After cooling to room temperature, set the pH to 5.5 and make it up to volume with buffer. For extraction of vitamin C the buffer pH 2.5 was used. The solutions were filtered through 0.45 μm PTFE filter and 20 μL of the final solutions were injected into the HPLC system.
Statistical analysis
Data were reported as mean ± SD. The results were analyzed statistically by SPSS software and the Student's t-test with level of significance set at P < 0.05.
RESULTS AND DISCUSSION
One of the challenging aspects of method development in quantitative analysis is the complexity of the analysis methods. The simpler the method the better it could be conducted by different operators and in different labs. However other parameters of a quantitative method such as accuracy and precision demand more complex processes.
Extraction procedure
Water soluble vitamins as it is mentioned in their name are soluble in water and could be extracted from sample at room temperature in the presence of 2 M potassium hydroxide but under this alkaline condition vitamins B 1 , PP, C and B 6 were unstable while they are stable in acidic pH. The use of acidic pH (2.5) decreased the recovery of folic acid which was partially soluble in water. Thus an intermediate acidic pH 5.5 follow with increasing the temperature of extraction to 40°C in Chromatographic column selection and vitamin separation Prior to performing the validation assay chromatographic conditions for High performance chromatography method were studied in order to achieve appropriate system suitability. Determination of water soluble vitamins can be carried out by normal phase and ion-pairing chromatography while reverse phase chromatography being the most common method. The type of the column has an influence on the separation of water soluble vitamins due to were tested by addition orthophosphoric acid to the mobile phase, and it was concluded that the PH should be lower than 3 to resolve the critical vitamin pairs niacin and pyridoxine. On the other hand the retention of pyridoxine hydrochloride, thiamine hydrochloride and riboflavin changed noticeably with varying acidity of the mobile phase from 2.5-3.3. To achieve the optimum resolution of vitamins the effect of methanol percentage and potassium dihydrogene phosphate concentration 50-100 mM in the mobile phase on the chromatographic separation were investigated. According to our purpose for separation and quantization of vitamins acetonitrile did not lead us to good resolutions results. In order to increase the retention of thiamine and vitamin C, the column has been washed for 3 min with buffer and then a linear gradient of buffer and methanol has been achieved by changing the percentage of them to separate vitamins from each other. According to this, the best separation was achieved by using 50 mM phosphate buffer pH=2.5 solution in a linear gradient with methanol, starting with phosphate buffer for 3 min, changing to 45% methanol in 13 min, changing to 80% methanol in 3 min with equilibration for ten min. Each vitamin peak was resolved from the neighboring peaks and displayed excellent peak symmetry and separation with minimal interference in less than19 min. Moreover, reproducible retention times for the vitamins tested even at high percentage of buffer were observed. An example of typical sample and standard chromatogram are shown in Fig. 1 .
Validation
The method validation procedure has been done based on our previous works on validation [21] [22] and ICH protocol 23 . The results obtained from the vitamins method validation according to linearity, selectivity, accuracy, and precision showed that the proposed method was suitable for the simultaneous analysis of B 1 , B 2 , B 6 , PP and B 9 . The vitamin C because of limitation in pH can be analyzed with this method separately.
Selectivity
Comparison between the purity threshold and purity angle reported in the Empower software showed that the method was specific for selected vitamins and the reported peaks were completely separated from the other interfering compounds.
Linearity
The linear relationship between the detector response and different concentrations of vitamins were confirmed as it was shown in Table 2 . 
Precision
The precision of each method indicates the degree of dispersion within a series of determinations of the unique sample. To verify the precision and repeatability of the method, the results obtained from six repeated samples (Premix III), prepared as mentioned in experimental part, at a target concentration, on one day (intraday) and on three consecutive days (interday) were analyzed. The relative standard deviations (RSD%) of the intraday and interday have been shown in Table 3 . The RSDs% reported in Table 3 showed a good agreement with acceptance ranges of intraday and inter-day precisions (2-3% and 3-4% respectively). The results of intermediate precision using different analysts, different instruments, and on different days, showed that these parameters did not have any significant effect on the variation of results (data did not report).
Recovery
This parameter showed the proximity between the experimental values and the real ones. It ensured that no loss or uptake occurred during the process. The determination of this parameter was performed during the method by studying the recovery after a standard addition procedure, with two additional levels. Three replicate amounts of Premix III (1.5 g) were weighted and each of them was divided into three equal portions (0.5 g). One part was used as the real sample and others had been spiked with multivitamin standard solution containing B 1 , B 2 , PP, B 9 , C and B 6 in two levels. In each additional level, three determinations were carried out and the recovery percentage was calculated in every case. Each sample was injected into HPLC three times. The recovery percentage in each level has been shown in Table 4 . As it was reported in Table 4 , the careful optimization of extraction conditions caused the good recovery for each vitamin so this method because of reaching H"100% recovery and good precision can be recommended for the quantification of several water soluble vitamins in multivitamins (pharmaceutical and premixes).
CONCLUSION
This work proposes a new method for simultaneous separating and determining of six water soluble vitamins (B 1 , B 2 , B 6 , B 9 , PP and C).
The most relevant advantage of the proposed method is the simultaneous determination of the six common vitamins in poly vitaminated premixes and supplemented foods in order to reduce of time required for quantitative extraction and analysis. It is a simple, fast, accurate and reliable in both chromatographic condition and sample preparation with minimum use of solvents and reagents. The analytical procedures are suitable for quality control of vitamins in premixes, multivitamin products and dietary supplements. It could be candidate as a routine method in quality control laboratories.
